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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 ɭɫɬɚɧɨɜɤɚ ɜ ɄɇȻɄ ɡɚɛɨɣɧɵɯ ɚɦɨɪɬɢɡɚɬɨɪɨɜ (ɜɢɛɪɨɝɚɫɢɬɟɥɟɣ) Д7Жν 
 ɩɪɢɦɟɧɟɧɢɟ ɧɚɞɞɨɥɨɬɧɨɝɨɷɠɟɤɬɨɪɧɨɝɨ ɧɚɫɨɫɚ (ɗɀȽ) Д8Жν 
 ɨɩɬɢɦɚɥɶɧɚɹ ɪɟɰɟɩɬɭɪɚ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚν 
 ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɥɨɬν 
 ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɢɞɪɨɦɨɧɢɬɨɪɧɵɯ ɧɚɫɚɞɨɤν 
 ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɚɹ ɫɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɪɟɡɰɨɜ ɜ ɞɨɥɨɬɟ. 
Ⱥɧɚɥɢɡ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ ɞɨɥɨɬ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɚɯ, ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɩɪɢɦɟɧɟɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɨɥɨɬ, ɞɚɠɟ ɬɢɩɚ PDω, 
ɫɨɤɪɚɬɢɬɫɹ ɞɨ ɦɢɧɢɦɭɦɚ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧ ɞɨɥɨɬɚɦɢ ɥɸɛɨɝɨ ɬɢɩɚ ɢɦɟɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɚɜɚɪɢɣɧɨɫɬɶ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɳɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɭɪɨɜɵɯ ɪɚɛɨɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨ-
ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɧɟɪɚɡɪɟɲɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɷɮɮɟɤɬɢɜɧɨɝɨ ɛɭɪɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɦɢ ɞɨɥɨɬɚɦɢ ɜ ɤɪɟɩɤɢɯ ɝɨɪɧɵɯ 
ɩɨɪɨɞɚɯ. ȼɫɟ ɷɬɢ ɮɚɤɬɵ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɹɜɥɟɧɢɸ ɧɨɜɵɯ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɛɭɪɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɚɯ ɤɪɟɩɤɢɯ ɝɨɪɧɵɯ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɞɨɥɨɬ, 
ɬɟɯɧɨɥɨɝɢɸ ɛɭɪɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɲɚɪɨɫɬɪɭɣɧɨɝɨ ɛɭɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɜɨɞɹɬɫɹ ɧɚɦɢ ɧɚ ɤɚɮɟɞɪɟ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧ.  
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ɈɋɈȻȿɇɇɈɋɌɂ ɗɎɎȿɄɌɂȼɇɈȽɈ ɉɊɂɆȿɇȿɇɂə ɂɇȽɂȻɂɌɈɊɈȼ ɄɈɊɊɈɁɂɂ ɉɊɂ 

ȻɍɊȿɇɂɂ 

ȼ.ȼ. Ⱥɧɞɪɟɟɜ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶμΝɚɫɫɢɫɬɟɧɬΝɘέȺέΝɆɚɤɫɢɦɨɜɚΝ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ  

Ʉɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ ɷɬɨ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɝɨ ɢɥɢ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɨɣ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ ɜɨɡɦɨɠɧɚ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ. ɑɟɦ 
ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ – ɬɟɦ ɛɨɥɶɲɟ ɜɨɡɦɨɠɧɨɫɬɶ  ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨɞ ɫɪɟɞɫɬɜɨɦ ɤɨɪɪɨɡɢɢ ɢ 
ɜɵɫɨɤɭɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ, ɢ, ɧɚɨɛɨɪɨɬ, ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɝɨɜɨɪɢɬ ɨ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɚ ɢ ɩɨɹɜɥɹɟɬɫɹ 
ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɢɦɟɧɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɞɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

Ʉɨɪɪɨɡɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɪɚɡɪɭɲɟɧɢɹ 
ɛɭɪɢɥɶɧɵɯ ɬɪɭɛ ɢ ɛɭɪɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɫɭɳɟɫɬɜɭɟɬ ɫɬɚɬɢɫɬɢɤɚ, ɱɬɨ ɩɪɢ ɪɨɬɨɪɧɨɦ ɛɭɪɟɧɢɢ ɨɤɨɥɨ 
θ0% ɜɫɟɯ ɚɜɚɪɢɣ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɧɚɪɭɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɭɪɢɥɶɧɵɯ ɬɪɭɛ ɢ, ɪɟɠɟ, ɩɪɢ ɫɩɭɫɤɨɩɨɞɴɺɦɧɵɯ 
ɨɩɟɪɚɰɢɹɯ ɢ ɷɬɢ ɧɚɪɭɲɟɧɢɹ ɧɨɫɹɬ ɭɫɬɚɥɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ 
ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɚɹ ɤɨɪɪɨɡɢɹ ɢ ɝɢɞɪɨɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɪɚɛɨɱɢɯ ɫɬɭɩɟɧɟɣ ɬɭɪɛɨɛɭɪɚ.[1]  

Ʉɨɪɪɨɡɢɨɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɫɨɫɬɚɜɚ. Ɋɚɡɧɨɨɛɪɚɡɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɩɪɨɦɵɜɨɱɧɵɦ ɠɢɞɤɨɫɬɹɦ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɛɭɪɟɧɢɹ, ɩɪɢɜɟɥɢ ɤ ɫɨɡɞɚɧɢɸ ɫɢɫɬɟɦ, 
ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ.  ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɫɧɨɜɧɨɦ  
ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɩɪɨɦɵɜɨɱɧɵɯ ɠɢɞɤɨɫɬɟɣμ ɚɷɪɢɪɨɜɚɧɧɵɟ ɩɪɨɦɵɜɨɱɧɵɟ ɠɢɞɤɨɫɬɢ, ɜɨɞɚ, 
ɟɫɬɟɫɬɜɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɧɟɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ, ɝɥɢɧɢɫɬɵɟ ɪɚɫɬɜɨɪɵ, ɪɚɫɬɜɨɪɵ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ ɢ 
ɷɦɭɥɶɫɢɨɧɧɵɟ ɪɚɫɬɜɨɪɵ.[2]  

ȼɟɥɢɱɢɧɚ ɪɇ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɧɹɟɦɵɯ 
ɪɟɚɝɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɪɟɝɭɥɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɠɢɞɤɨɫɬɟɣ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ. 
Ȼɨɥɶɲɢɧɫɬɜɨ  ɛɭɪɨɜɵɯ ɩɪɨɦɵɜɨɱɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɫɤɜɚɠɢɧɵ, ɢɦɟɸɬ 
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ɋȿɄɐɂə 14. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɂ ɌȿɏɇɂɄȺ ȻɍɊȿɇɂə 
ɇȿɎɌəɇɕɏ ɂ ȽȺɁɈȼɕɏ ɋɄȼȺɀɂɇ. 

ɩɨɜɵɲɟɧɧɭɸ ɳɺɥɨɱɧɨɫɬɶ. ɍɝɥɟɪɨɞɢɫɬɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɬɚɥɢ ɫɥɚɛɨ ɫɬɨɣɤɢ ɜ ɤɢɫɥɵɯ, ɧɟɞɨɫɬɚɬɨɱɧɨ ɫɬɨɣɤɢ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢ ɜ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɪɇ=ζ-11 
ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɜ ɪɚɫɬɜɨɪɚɯ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢɨɧɨɜ ɯɥɨɪɚ 0,1 ɢɦɟɸɬ ɩɥɨɯɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ, ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ (ɛɨɥɟɟ ζ) ɢ ɫɧɢɠɟɧɢɟɦ ɟɺ (ɦɟɧɟɟ 11) ɤɨɪɪɨɡɢɹ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ AХ-Zn-MР ɩɟɪɟɞ ɫɩɥɚɜɚɦɢ Ⱦ1θ ɢ ȺɄ8 ɨɫɨɛɟɧɧɨ ɡɧɚɱɢɬɟɥɶɧɨ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɜ ɤɢɫɥɵɯ ɫɪɟɞɚɯ 
ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɨ ɫ ɨɛɥɟɝɱɟɧɢɟɦ ɤɚɬɨɞɧɨɣ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɨɜɵɲɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɟɡɤɢɦ ɨɫɥɚɛɥɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɨɜ, ɜɵɡɜɚɧɧɵɦ 
ɪɚɫɬɜɨɪɟɧɢɟ ɨɤɢɫɥɨɣ ɩɥɺɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɥɚɜɚ ɢ ɩɟɪɟɯɨɞɨɦ ɟɝɨ ɜ ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼ ɫɢɥɶɧɨɳɟɥɨɱɧɵɯ 
ɫɪɟɞɚɯ ɩɨɬɟɧɰɢɚɥ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɦɟɳɚɟɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɦɨɥɟɤɭɥ ɜɨɞɵ. 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɪɚɫɬɜɨɪɵ ɫ   ɪɚɡɥɢɱɧɵɦɢ ɪɇ ɨɤɚɡɵɜɚɸɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɤɨɪɪɨɡɢɨɧɧɨ–ɭɫɬɚɥɨɫɬɧɭɸ ɜɵɧɨɫɥɢɜɨɫɬɶ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɭɫɬɚɥɨɫɬɧɚɹ ɜɵɧɨɫɥɢɜɨɫɬɶ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɪɇ ɫɪɟɞɵ, ɪɚɜɧɵɯ ɨɬ 8 ɞɨ 10. ȼ ɤɢɫɥɵɯ ɢ ɫɢɥɶɧɨ ɳɟɥɨɱɧɵɯ, ɝɞɟ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 1 ɞɨ γ ɢ ɨɬ 1γ ɞɨ 1ζ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɫɬɚɥɨɫɬɧɚɹ 
ɜɵɧɨɫɥɢɜɨɫɬɶ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɪɟɡɤɨ ɩɚɞɚɟɬ.  

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɛɭɪɨɜɵɯ ɩɪɨɦɵɜɨɱɧɵɯ ɠɢɞɤɨɫɬɟɣ, 
ɜɤɥɸɱɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ, ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɤɜɚɠɢɧɵ, ɩɪɢ 
ɪɚɡɛɭɪɢɜɚɧɢɢ ɩɨɪɨɞ, ɧɚɩɪɢɦɟɪ ɫɨɥɟɜɵɯ ɩɥɚɫɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɜ ɫɤɜɚɠɢɧɭ, ɚ ɪɚɜɧɨ ɢ ɜ ɩɪɨɦɵɜɨɱɧɭɸ ɠɢɞɤɨɫɬɶ 
ɦɨɝɭɬ ɩɨɫɬɭɩɚɬɶ ɬɚɤɢɟ ɜɟɳɟɫɬɜɚ ɤɚɤ ɝɢɩɫ, ɚɧɝɢɞɪɢɞ, ɝɚɥɢɬ, ɫɢɥɶɜɢɧ, ɤɚɪɩɚɥɥɢɬ, ɛɢɲɨɮɢɬ, ɩɨɥɢɝɨɥɢɬ ɢ ɬɚɯɝɢɞɪɢɬ, 
ɚ ɬɚɤ ɠɟ ɢɡ ɩɥɚɫɬɨɜɵɯ ɜɨɞ  ɯɥɨɪɢɞɵ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ. Ɋɨɫɬ ɡɚɛɨɣɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɭɫɢɥɢɜɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɨɥɟɣ 
ɢ ɢɯ ɚɝɪɟɫɫɢɜɧɨɟ ɞɟɣɫɬɜɢɟ. ɉɨɧɢɡɢɬɟɥɢ ɜɹɡɤɨɫɬɢ ɧɟ ɡɚɬɨɪɦɚɠɢɜɚɸɬ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɛɭɪɢɥɶɧɵɯ ɬɪɭɛ ɜ 
ɩɪɟɫɧɵɯ ɩɪɨɦɵɜɨɱɧɵɯ ɠɢɞɤɨɫɬɹɯ, ɨɞɧɚɤɨ ɡɚɳɢɬɧɵɟ ɪɟɚɝɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɄɆɐ, ɄɋɋȻ, ɦɨɝɭɬ ɫɧɢɡɢɬɶ 
ɤɨɪɪɨɡɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɨɥɟɧɵɯ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɞɨ ɭɪɨɜɧɹ ɩɪɟɫɧɵɯ ɫɭɫɩɟɧɡɢɣ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɨɪɦɨɡɹɳɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɳɺɥɨɱɧɨɫɬɢ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɢɨɧɨɜ ɪɚɜɧɨ 11, ɚ ɬɚɤ ɠɟ ɜɜɟɞɟɧɢɟ ɜ ɠɢɞɤɨɫɬɶ ɫɦɚɡɵɜɚɸɳɢɯ ɞɨɛɚɜɨɤ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɨɛɚɜɤɢ ɧɟɛɨɥɶɲɢɯ 
ɤɨɥɢɱɟɫɬɜ ɧɟɮɬɢ ɤ ɫɨɥɟɧɵɦ ɢ ɩɪɟɫɧɵɦ ɝɥɢɧɢɫɬɵɦ ɫɭɫɩɟɧɡɢɹɦ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɸɬ ɢɯ ɤɨɪɪɨɡɢɨɧɧɭɸ 
ɚɤɬɢɜɧɨɫɬɶ.  [1] 

Ɉɞɧɚɤɨ ɪɚɫɬɜɨɪɵ ɧɚ ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɟɮɬɟɷɦɭɥɶɫɢɨɧɧɵɟ ɢ ɢɧɜɟɪɬɧɵɟ ɷɦɭɥɶɫɢɢ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɚ ɨɬ ζ0 ɞɨ θ0 % ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɜɫɤɪɵɬɢɢ ɧɟɮɬɟɝɚɡɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ, ɚ ɬɚɤ ɠɟ ɩɪɢ 
ɛɭɪɟɧɢɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɫɜɟɪɯɝɥɭɛɨɤɢɯ ɫɤɜɚɠɢɧ. Ⱥɧɚɥɢɡ ɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɝɥɚɞɤɢɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ 
«Ⱦ» ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɪɚɡɰɵ ɧɟ ɪɚɡɪɭɲɚɥɢɫɶ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɛɚɡɟ 10 
ɦɢɥɥɢɨɧɨɜ ɰɢɤɥɨɜ ɫɨɫɬɚɜɢɥɨ βθ0 Ɇɇ/ɦβ, ɚ ɜ ɫɪɟɞɟ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɭɫɥɨɜɧɵɣ ɩɪɟɞɟɥ 
ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɧɢɡɢɥɫɹ ɞɨ λ0 Ɇɇ/ɦβ. Ɉɞɧɚɤɨ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ, ɫɨɞɟɪɠɚɳɟɦ η0% 
ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ, ɷɬɨɬ ɩɪɟɞɟɥ ɫɨɫɬɚɜɢɥ 1θ0 Ɇɇ/ɦ2. ȼɜɟɞɟɧɢɟ ɜ ɧɟɮɬɟɷɦɭɥɶɫɢɨɧɧɵɣ ɪɚɫɬɜɨɪ β% 
ɨɤɢɫɥɟɧɧɨɝɨ ɩɚɪɚɮɢɧɚ ɢɥɢ ɟɝɨ ɡɚɦɟɧɢɬɟɥɹ ɫɨɡɞɚɸɬ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɦɚɱɢɜɚɧɢɹ ɫɬɚɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɚ ɬɚɤ ɠɟ ɩɨɜɵɫɢɥɨ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ 
ɫɬɚɥɢ «Ⱦ» ɞɨ βζ0 Ɇɇ/ɦ2.[2] 

Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɧɨɫɥɢɜɨɫɬɢ ɫɬɚɥɢ ɤɥɚɫɫɚ «Ⱦ» ɜ ɟɫɬɟɫɬɜɟɧɧɨɣ ɨɛɪɚɬɢɦɨɣ ɷɦɭɥɶɫɢɢ, ɫɨɞɟɪɠɚɳɟɣ 
ζ0% ɜɨɞɵ, ɩɨɤɚɡɚɥɨ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɨɣ ɫɪɟɞɵ. ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ 
ɜ ɧɟɣ ɫɨɫɬɚɜɢɥ β10 Ɇɇ/ɦ2, ɬɨ ɟɫɬɶ ɫɧɢɡɢɥɫɹ ɜɫɟɝɨ ɧɚ β0% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɧɢɹɦɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. 
ɉɪɢ ɷɬɨɦ ɫɥɟɞɨɜ ɤɨɪɪɨɡɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɧɟ ɨɛɧɚɪɭɠɟɧɨ, ɚ ɢɡɥɨɦ ɢɦɟɥ ɬɪɢ 
ɨɬɱɟɬɥɢɜɵɟ ɡɨɧɵ – ɡɚɪɨɠɞɟɧɢɹ, ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɢ ɯɪɭɩɤɨɝɨ ɫɥɨɦɚ. 

Ʉɨɪɪɨɡɢɨɧɧɚɹ ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ, ɭɫɤɨɪɹɸɳɚɹ ɪɚɡɪɭɲɟɧɢɟ ɛɭɪɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɧɢɯ ɬɚɤɨɝɨ ɚɝɟɧɬɚ, ɤɚɤ ɫɟɪɨɜɨɞɨɪɨɞ, ɩɨɩɚɞɚɸɳɢɣ 
ɜ ɪɚɫɬɜɨɪɵ ɩɪɢ ɪɚɡɛɭɪɢɜɚɧɢɢ ɫɟɪɨɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɥɚɫɬɨɜ. ɉɪɢɱɢɧɨɣ ɪɚɡɪɭɲɟɧɢɹ ɫɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɷɬɨɝɨ ɝɚɡɚ ɹɜɥɹɟɬɫɹ ɥɢɛɨ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɥɢɛɨ ɜɨɞɨɪɨɞɧɨɟ 
ɨɯɪɭɩɱɢɜɚɧɢɟ, ɥɢɛɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɯ ɫɥɢɹɧɢɟ. Ɍɚɤ ɠɟ, ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɨɜ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɫɟɪɨɜɨɞɨɪɨɞɚ ɭɫɤɨɪɹɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɚɤɨɝɨ ɝɚɡɚ ɤɚɤ ɤɢɫɥɨɪɨɞ.  

ɋɟɪɨɜɨɞɨɪɨɞ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɵɦɢ ɚɝɪɟɫɫɢɜɧɵɦɢ ɫɜɨɣɫɬɜɚ ɢ ɜɵɡɵɜɚɟɬ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ. Ɋɚɫɬɜɨɪɹɹɫɶ ɜ ɜɨɞɟ, ɨɧ 
ɞɢɫɫɨɰɢɢɪɭɟɬ ɤɚɤ ɫɥɚɛɚɹ ɤɢɫɥɨɬɚ ɧɚ ɢɨɧɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ 
ɪɟɚɜɧɨɜɟɫɢɟ ɪɟɚɤɰɢɢ ɦɨɠɟɬ ɫɞɜɢɝɚɬɶɫɹ. Ɍɚɤ, ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɢ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɟ ɜɫɟɝɨ ɢɨɧɨɜ 
ɝɢɞɪɨɫɭɥɶɮɢɞɨɜ, ɚ ɜ ɤɢɫɥɵɯ – ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɟɪɨɜɨɞɨɪɨɞ, ɚ ɜ ɫɢɥɶɧɨɳɟɥɨɱɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ ɩɨɹɜɥɹɸɬɫɹ ɢɨɧɵ 
ɫɭɥɶɮɢɞɨɜ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɧɟɮɬɟɝɚɡɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɨɜɨɞɨɪɨɞɚ. Ⱥ ɟɫɥɢ ɭɱɟɫɬɶ 
ɬɨɬ ɮɚɤɬ, ɱɬɨ ɷɬɨɬ ɝɚɡ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɜɨɞɟ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɧɵɯ ɢɨɧɨɜ ɜɨɞɧɨɣ ɮɚɡɵ ɜ ɩɪɨɞɭɤɰɢɢ ɫɤɜɚɠɢɧɵ, ɢɡ-ɡɚ ɱɟɝɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɚɛɫɨɪɛɢɪɭɟɬɫɹ 
ɜɨɞɧɨɣ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɮɚɡɚɦɢ ɢ ɧɚɯɨɞɢɬɫɹ ɧɟ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɟ.[1]  

Ɍɚɤ ɠɟ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɟɪɨɜɨɞɨɪɨɞ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɩɥɚɫɬɚɯ,  ɢɦɟɟɬ ɛɢɨɝɟɧɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ. 
ɂ ɢɡ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɛɚɤɬɟɪɢɣ ɧɚɢɛɨɥɶɲɢɣ ɜɪɟɞ ɧɚɧɨɫɹɬ ɫɭɥɶɮɚɬɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɢ ɬɢɨɧɨɜɵɟ ɛɚɤɬɟɪɢɢ. 
Ɉɤɨɥɨ 80% ɜɫɟɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɷɬɢɯ ɛɚɤɬɟɪɢɣ. ɋɭɥɶɮɚɬɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 
ɛɚɤɬɟɪɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɜɨɟɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɜɪɚɳɚɸɬ ɫɭɥɶɮɚɬɵ ɢ ɫɭɥɶɮɢɬɵ ɜ ɫɟɪɨɜɨɞɨɪɨɞ, ɨɤɢɫɥɹɹ 
ɩɪɢɪɨɞɧɵɣ ɜɨɞɨɪɨɞ, ɤɨɬɨɪɵɣ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɜɨɞɧɵɯ ɩɥɚɫɬɚɯ, ɚ ɬɚɤ ɠɟ  ɜɵɞɟɥɹɸɳɢɣɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɤɚɬɨɞɧɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɤɨɪɪɨɡɢɢ ɫɬɚɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɬ.ɟ. ɯɚɪɚɤɬɟɪ ɢ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɛɚɤɬɟɪɢɣ ɢɥɢ ɨɤɢɫɥɹɸɳɢɯ ɫɟɪɭ ɢ 
ɫɭɥɶɮɢɞɵ ɬɢɨɧɨɜɵɯ ɛɚɤɬɟɪɢɣ. 

ɂɧɝɢɛɢɬɨɪɚɦɢ ɤɨɪɪɨɡɢɢ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɚ, ɜɜɟɞɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ ɚɝɪɟɫɫɢɜɧɭɸ 
ɫɪɟɞɭ ɬɨɪɦɨɡɢɬ ɩɪɨɰɟɫɫ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɝɢɛɢɬɨɪɨɜ ɤɨɪɪɨɡɢɢ ɜ ɧɟɮɬɟɝɚɡɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɢ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ, ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ 
ɭɫɥɨɜɢɹɯ ɚɝɪɟɫɫɢɜɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɪɟɞ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɦɟɬɨɞɚ ɡɚɳɢɬɵ ɫ ɩɨɦɨɳɶɸ ɢɧɝɢɛɢɬɨɪɨɜ – 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ ɡɚɦɟɞɥɹɬɶ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɟɦ 
ɫɚɦɵɦ ɩɪɨɞɥɟɜɚɹ ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. [1] 

ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɡɦɟɧɹɹ ɫɤɨɪɨɬɟɱɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɤɨɪɪɨɡɢɢ, ɢɧɝɢɛɢɬɨɪɵ ɞɨɥɠɧɵ 
ɜɢɞɨɢɡɦɟɧɹɬɶ ɤɢɧɟɬɢɤɭ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɪɟɚɤɰɢɣ. Ɍɚɤ, ɢɧɝɢɛɢɬɨɪɵ ɤɨɪɪɨɡɢɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɦɨɝɭɬ ɩɨɞɪɚɡɞɟɥɹɬɶɫɹ ɧɚ ɚɧɨɞɧɵɟ ɢɧɝɢɛɢɬɨɪɵ, ɬɨɪɦɨɡɹɳɢɟ ɬɨɥɶɤɨ ɚɧɨɞɧɵɣ ɩɪɨɰɟɫɫ, ɤɨɝɞɚ 
ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɡɚɦɟɞɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɟɪɟɯɨɞɚ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪ, ɚ ɬɚɤ ɠɟ ɢɡ-ɡɚ 
ɫɨɤɪɚɳɟɧɢɹ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɷɥɟɤɬɪɨɞɚ ɜɫɥɟɞɫɬɜɢɟ ɩɚɫɫɢɜɚɰɢɢ, ɤɚɬɨɞɧɵɟ ɢɧɝɢɛɢɬɨɪɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɥɸɛɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɦɨɝɚɸɬ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɤɚɬɨɞɧɨɣ ɞɟɩɨɥɹɪɢɡɚɰɢɢ, 
ɫɦɟɲɚɧɧɵɟ ɢɧɝɢɛɢɬɨɪɵ, ɚ ɬɚɤ ɠɟ ɩɨɹɜɢɜɲɢɟɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɛɚɤɬɟɪɢɰɢɞɵ - ɩɨɝɥɨɬɢɬɟɥɢ ɫɟɪɨɜɨɞɨɪɨɞɚ,  
ɩɨɞɚɜɥɹɸɳɢɯ ɪɨɫɬ ɫɭɥɶɮɚɬɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɛɚɤɬɟɪɢɣ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɥɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɪɚɳɟɧɢɹ ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɛɭɪɟɧɢɹ ɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɝɪɚɦɨɬɧɨ ɜɵɛɪɚɧɧɨɣ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɪɚɫɯɨɞɨɦ ɛɭɪɨɜɨɝɨ 
ɪɚɫɬɜɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɨɪɨɞɵ ɧɚ ɡɚɛɨɟ. 

Ʉɚɠɞɨɦɭ ɤɥɚɫɫɭ ɩɨɪɨɞ ɢ ɬɢɩɭ ɞɨɥɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɜɨɢ ɨɩɬɢɦɚɥɶɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ, 
ɩɪɢ ɤɨɬɨɪɵɯ ɪɚɡɪɭɲɟɧɢɟ ɝɨɪɧɵɯ ɩɨɪɨɞ ɦɚɤɫɢɦɚɥɶɧɨ. Ɋɚɫɱɟɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɲɚɪɨɲɟɱɧɵɯ ɞɨɥɨɬ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɣμ 

• ɫɨɡɞɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɩɟɪɢɮɟɪɢɣɧɨɦ ɜɟɧɰɟ ɲɚɪɨɲɤɢ (ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ) 
(1): 

ɞ

ɥ

D

V
n 1,191  ,                                                                            (1) 

ɝɞɟ Vɥ – ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɩɟɪɢɮɟɪɢɢ ɞɨɥɨɬɚ, ɦ/ɫν Dɞ – ɞɢɚɦɟɬɪ ɞɨɥɨɬɚ, ɦ. 
• ɩɨ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɡɭɛɶɟɜ ɞɨɥɨɬɚ ɫ ɝɨɪɧɨɣ ɩɨɪɨɞɨɣ (ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ) (β)μ 

ɞ

ɲ

Dz

d
n
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2 106,0 ,                                                                 (2) 

ɝɞɟ Нɲ – ɞɢɚɦɟɬɪ ɲɚɪɨɲɤɢ, ɦɦν Ĳ – ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɡɭɛɚ ɞɨɥɨɬɚ ɫ ɩɨɪɨɞɨɣ, ɦɫν г – ɱɢɫɥɨ 
ɡɭɛɶɟɜ ɧɚ ɩɟɪɢɮɟɪɢɣɧɨɦ ɜɟɧɰɟ ɲɚɪɨɲɤɢν Dɞ –ɞɢɚɦɟɬɪ ɞɨɥɨɬɚ, ɦɦ. 

• ɩɨ ɫɬɨɣɤɨɫɬɢ ɨɩɨɪ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɟɬɨɞ) (γ)μ 

)2(02,03 



oT

n ,                                                                        (3) 

ɝɞɟ Į – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɜɨɣɫɬɜɚ ɝɨɪɧɨɣ ɩɨɪɨɞɵν Ɍɨ – ɫɬɨɣɤɨɫɬɶ ɨɩɨɪɵ, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (ζ),  ɱɚɫ. 

Ɍɨ  = 0,0935 Dɞ,                                                                           (4) 
 ɝɞɟ Dɞ – ɞɢɚɦɟɬɪ ɞɨɥɨɬɚ, ɦɦ. 
Ⱦɥɹ ɛɟɡɨɩɨɪɧɵɯ ɞɨɥɨɬ (ɜ ɬɨɦ ɱɢɫɥɟ ɞɨɥɨɬ ɬɢɩɚ ȻɂɌ/PDω) ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɢɡ ɭɫɥɨɜɢɹ 

ɫɨɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɩɟɪɢɮɟɪɢɢ ɞɨɥɨɬɚ. 
Ⱥɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɛɟɡɨɩɨɪɧɵɯ ɞɨɥɨɬ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɤɭɞɧɨɣ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɞɨɥɨɬɚ, ɟɝɨ ɫɨɫɬɨɹɧɢɟ, ɫɬɟɩɟɧɶ 
ɢɡɧɨɫɚ.  

ȼ ɰɟɥɨɦ, ɜɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɚɥɝɨɪɢɬɦɵ ɜɵɛɨɪɚ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 
ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɧɟ ɭɱɢɬɵɜɚɸɬ ɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɢɡɧɨɫɚ ɢ 


